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SPECIFICATION 

TITLE OF THE INVENTION 

DEVICE PACKAGE AND METHOD OF MANUFACTURING THE SAME 
5 • . • 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a device package, in 
which an electrode on a device such as a semiconductor 
10 device or optical device is connected to extra-device 
wiring or the like on an external wiring substrate through 
a metal wire, and to a method of manufacturing the device 
package • 

15 2. Description of the Related Art 

In general, an electrode on a semiconductor device or 
the like is electrically connected through a gold wire to 
extra-device wiring such as a wiring pattern on an external 
wiring substrate by using a wire bonding apparatus (for 

20 example, see Japanese Laid-Open Patent Publication No. H05- 
90320) . In such a conventional wire bonding technique, a 
ball formed at the tip end of the gold wire is firstly 
bonded to the electrode on the semiconductor device by 
applying load, heat or ultrasonic wave. Subsequently, the 

25 gold wire is guided by a capillary and moved to a position 



above the extra device wiring while forming a predetermined 
bending shape (loop shape) that is arched. Then, the gold 
wire is landed on the extra device wiring and bonded 
thereto by the load, heat or ultrasonic wave applied by the 
capillary. Thereafter, the capillary is upwardly withdrawn 
to thereby complete the wire bonding. 

However, the height of the top portion of the gold 
wire forming the bending shape that is arched is very high 
in the conventional wire bonding technique, so that the 
gold wire hinders the arrangement of other elements above 
the semiconductor device. Accordingly, the elements cannot 
be arranged close to the semiconductor device, thereby 
entailing a problem of lowering the degree of freedom in 
the layout of the elements. 

Particularly, when an optical conductive path (fiber 
line or the like) transmitting ari optical signal is 
arranged above the photo-detecting element in an optical 
device package or in an optical system, the shorter the 
distance between the photo-detecting element and the 
optical conductive path becomes, the more the performance 
or characteristic of the optical device package enhances. 
Therefore, a low height of the top portion of the gold wire 
connecting the photo-detecting, element to the extra device 
wiring is greatly demanded in the optical device package in 
order to shorten the distance between the optical 
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conductive path and the photo-detecting element as much as 
possible. 

SUMMARY OF THE INVENTION 
5 The present invention is accomplished to solve the 

above-mentioned conventional problem, and aims to provide a 
device package or a manufacturing method thereof that can 
lower the height of a top portion of a metal wire and 
enhance a layout performance of other elements above the 
10 device. 

According to the present invention which has been 
achieved to solve the above-mentioned problem, a method of 
manufacturing a device package is provided. In the device 
package, a device (for example, a semiconductor device, an 

15 optical . device such as a photo-detecting element) is 
electrically connected to extra-device wiring (for example, 
a wiring pattern) through a metal wire (for example, a gold 
wire) . The method is . characterized by including the 
following steps. That is, a small-diameter ball is formed 

20 by using a small-diameter metal wire, and further the 
small-diameter ball is bonded to the . device. Then, the 
small-diameter metal wire is separated from the small- 
diameter ball. Meanwhile, a large-diameter ball is formed 
by using a large-diameter metal wire, and further the 

25 large-diameter ball is bonded to the extra device wiring. 
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Then, the large-diameter metal wire connecting with the 
large-diameter ball is bonded to the small-diameter ball by 
stitch bonding. After that, the large-diameter metal wire 
is separated from the small-diameter ball. 
5 As described above, the wire boning is performed by 

using two types of metal wires, that is, the large-diameter 
metal wire and the small-diameter metal wire, which have 
different diameters from each other. Specifically, the 
small-diameter ball is formed and bonded at the device side 

10 by using the small-diameter metal wire. Then, the large- 
diameter ball is formed and bonded to the side of the 
external wiring by using the large-diameter metal wire. 
Finally, the large-diameter metal wire connecting with the 
large-diameter ball is bonded to the small-diameter ball by 

15 the stitch bonding, to thereby complete the wire bonding. 
Therefore, the height of the top portion of the metal wire 
can be lowered, whereby various elements can be arranged 
close to the upper surface of the device. 

Since the height of the top portion of the metal wire 

20 can be lowered and other elements can be arranged close to 
the upper surface of the semiconductor device or optical 
device, layout performance of the elements can be enhanced, 
thereby facilitating the production of the device package. 
In the case of an optical device package in particular, an 
. 25 optical conductive path or the like can be arranged close 



to the upper surface of the optical device, to thereby be 
capable of greatly enhancing the performance and 
characteristic of the optical device package. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various characteristics and advantages of the present 
invention will . become clear from the following description 
taken in conjunction with the preferred embodiments with 
reference to the accompanying drawings - throughout which like 
parts are designated by like reference numerals, in which: 

Fig. 1 is a perspective view showing a wire bonding 
apparatus performing the wire bonding by means of the wire 
bonding technique of the present invention, and an optical 
device package in which an optical device is electrically 
connected to an external wiring substrate by the wire 
bonding apparatus; 

Figs. 2A to 2C are views showing an operating 
procedure of the wire bonding using two types of gold wires 
according to the present invention; 

Figs. 3A to 3C are views showing an operating 
procedure of the wire bonding using one type of a gold 
wire; and 

Figs. 4A and 4B are side views of device packages, in 
which Fig. 4A shows the optical device package produced by 
the wire bonding technique shown in Figs. 2A to 2C and Fig. 
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4B shows the optical device package produced by the wire 
bonding technique shown in Figs. 3A to 3C. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 An embodiment of the present invention will 

specifically be described hereinafter with reference to the 
attached drawings. 

Fig. 1 shows a wire bonding apparatus using a wire 
bonding method of the present invention, and ah optical 

10 device package manufactured by using the wire bonding 

apparatus. As shown in Fig. 1, the wire bonding apparatus 
for electrically connecting an optical device 1 (for 
example, photo-detecting element) to ah external wiring 
substrate 2 with, a gold wire has a first capillary 3, a 

15 first, ultrasonic horn 4 that holds the first capillary 3 
and applies ultrasonic vibration thereto (or gold wire) , 
and a first gold wire 5 (a metal wire having a large, 
diameter) having a normal size (diameter) . 

Further, the wire bonding apparatus has a second 

20 capillary 11, a second ultrasonic horn 14 that holds the 
second capillary 11 and applies ultrasonic vibration 
thereto (or gold wire), and a second gold wire 15 (a metal 
wire having a small diameter) having a diameter (size) 
smaller than that of the first gold wire 5 (see Fig. 2A) . 

25 The optical device 1 is attached to the upper surface 
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of. the external wiring substrate 2 in the optical device 
package to which a wire bonding is perforiTLed by the wire 
bonding apparatus. An. electrode 7 (chip electrode) mounted 
on the upper surface of the optical device 1 is 
5 electrically connected to a wiring pattern 6 (extra device 
wiring) formed on the upper surface of the external wiring 
substrate 2 through an approximately spherical small- 
diameter ball 8 (ball biomp) , a bonding wire 9 and an 
approximately spherical large-diameter ball 10 (ball bump). 

10 The diameter (size) of the bonding wire 9 is 

preferably set so as to adapt to the electrical 
characteristic of the optical device 1 or optical device 
package and to cause the bonding wire 9 to stably keep a 
predetermined bending shape . Since the bonding wire 9 is 

15 made of the first gold wire 5 as described later, the 

diameter of the bonding wire 9 is the same as that of the 
first gold wire 5. Moreover, the diameter of the second 
gold wire 15 is preferably set such that the diameter of a 
small-diameter ball 8 formed on a tip end of the second 

20 gold wire 15 becomes approximately the same as the diameter 
of the bonding wire 9 or the first gold wire 5. 

Described hereinafter is a wire bonding method or a 
manufacturing method of the optical device package for 
electrically connecting the electrode 7 of the optical 

25 device 1 to the wiring pattern 6 on the external wiring 
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substrate 2 by using the wire bonding apparatus. 

In the wire bonding process, the approxiiRately 
spherical small-diameter ball 8 is firstly formed at the 
lower end portion of the second gold wire 15 held by the 
second capillary 11 as shown, in Fig, 2A. Then, ultrasonic 
wave is applied to the small-diameter ball 8 by the second 
ultrasonic horn 14 to thereby bond the small-diameter ball 
8 to the electrode 7 of the optical device 1 (see Fig. 1), 
Since the diameter of the second gold wire 15 is preferably 
set as described above, the diameter of the small-diameter 
ball 8 becomes approximately same as that of the first gold 
wire 5 or the bonding wire 9. Subsequently, the second 
gold wire 15 is separated from the small-diameter ball 8, 
and then the second capillary 11 is withdrawn. 

Subsequently, a large-diameter ball 10 is formed at 
the lower end portion. of the first gold wire 5 held by the 
first capillary 3 as shown in Fig. 2B. Then, ultrasonic 
wave is applied to the large-diameter ball 10 by the first 
ultrasonic horn 4 to thereby bond the large-diameter ball 
10 to the wiring pattern 6 on the external wiring substrate 
2 (see Fig. 1). Further, the first capillary 3 is moved 
upwardly such that the lower end portion of the capillary 
is positioned at the place in the vertical direction of the 
small-diameter ball 8 (at the height of the upper surface 
of the optical device 1) or at the place a little higher 
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than the above-mentioned place. After that^. the first 
capillary 3 is moved in the horizontal direction v/ith 
respect to the small-^diameter ball 8. By the movement, the 
first gold wire 5 is guided by the first capillary 3. Thus, 
5 the first gold wire 5 connecting with (continuing from) the 
large-diameter ball 10 bonded on the wiring pattern 6 forms 
the bonding wire 9 having a predetermined bending shape. 

After the first gold wire 5 (bonding wire 9) has been 
bonded to the small-diameter ball 8 by stitch bonding as 

10 shown in Fig. 2C, the first gold wire 5 is separated from 
the small-diameter ball 8, and then the first capillary 3 
is withdrawn. By the movement, the electrode 7 of the 
optical device 1 is electrically connected to the wiring 
pattern 6 on the external wiring substrate 2 through the 

15 small-diameter ball 8, the bonding wire 9 and the large- 
diameter ball 10. 

The bonding wire 9 has a bending shape (loop shape) 
rising upwardly from the large-diameter ball 10, bending 
toward the optical device to change its extending direction 

20 at an angle of approximately 90 degrees, and then extending 
horizontally toward the small-diameter ball 8. Accordingly, 
the position of a top portion (the highest portion) of the 
bonding wire 9 in the vertical direction is approximately 
equal to (slightly higher than) the position of the small- 

25 diameter ball 8 in its vertical direction. 
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As shown in Figs. 3A to 3C, in case where only the 
first capillary 3 and the first ultrasonic horn 4 {see Fig. 
1) are used to form a large-diameter ball 12 at a lower end 
portion of the first gold wire 5 and the large-diameter 
5 ball is bonded to the electrode 7 (see Fig. 1) of the 
optical device, and then the first gold wire 5 or the 
bonding wire 9 connecting with the large-diameter ball 12 
is bonded by stitch bonding to the wiring pattern 6 (see 
Fig. 1) on the external wiring substrate 2, the top portion 

10 of the bonding wire 9 having a bending shape is positioned 
far higher than the upper surface of the optical device 1 
or the large-diameter ball 12. 

In the optical device package (photo-detecting element 
package) assembled (manufactured) by using the wire bonding 

15 technique of the present invention, the position (height) 
of the top portion of the bonding wire 9 in the vertical 
direction is approximately equal to the position (height) 
of the upper surface of the optical device 1 or the small- 
diameter ball 8 in the vertical direction as shown in Fig. 

20 4A. Therefore, the distance HI between the upper surface 
of the. optical device 1 and the top portion of the bonding 
wire 9 in the vertical direction becomes extremely small. 
As the result, an optical conductive path 13 (such as 
optical fiber) arranged above or at the peripheral of the 

25 optical device 1 or incorporated into the optical device 
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package can be arranged close to the upper surface of the 
optical device 1, thereby fully enhancing a perforinance or 
characteristic of the optical device package. 

In case where the wire bonding is performed to the 
5 optical device 1 and the external wiring substrate 2 with 
the wire bonding method shown in Figs. 3A to 3C, the top . 
portion of the bonding wire 9 is positioned far higher than 
the upper surface of the optical device 1 or the large- 
diaineter ball 12 as shown in Fig. 4B, producing a greater 

10 distance H2 between the upper surface of the optical device 
1 and the top portion of the bonding wire 9 in the vertical 
direction. Therefore, the optical conductive path 13 
cannot be arranged close to the upper surface of the 
optical device 1, thereby deteriorating the performance or 

15 characteristic of the optical device package. 

As described above, according to the wire bonding 
technique of the present embodiment, only the small^ 
diameter ball 8 is formed and bonded to the optical device 
1 by using the second gold wire 15 having a small diameter, 

20 then, the large-diameter ball 10 is formed and bonded to 
the external wiring substrate 2 by using the first gold 
wire 5 having a large diameter, and finally, the first gold 
wire 5 connecting with the large-diameter ball 10 is guided 
to be bonded to the small-diameter ball 8 by the stitch 

25 bonding. Accordingly, the following various operations and 
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effects are provided in addition to the above-mentioned 
operations and effects. 

(1) The bonding wire 9 for electrically connecting 
the optical device 1 to the external wiring siibstrate 2 
generally has a limitation that its diameter has to be made 
greater to some degree so as to be adapted to the 
electrical characteristic of the optical device 1 or the 
optical device package, or so as to stabilize the bending 
shape of the bonding wire 9. However, such limitation is 
not imposed on the. second gold wire 15 for forming the 
small-diameter ball 8 on the optical device 1 but any gold 
wire having an optional- diameter (a thinner one) can be 
used in the wire bonding technique of the present 
embodiment, since the second gold wire 15 is different from 
the first gold wire 5 for forming the bonding wire 9. 

Accordingly, the small-diameter ball 8 having an 
optional diameter can be formed on the optical device 1 by. 
preferably setting the thickness of the second gold wire 15. 
In the present embodiment, the diameter of the small- 
diameter ball 8 is made approximately same as that of the 
bonding wire 9 (the first gold wire 5) as described above. 
The structure assures the bonding between the small- 
diameter ball 8 and the bonding wire 9 with the diameter of 
the small-diameter ball 8 set to a required minimiam size. 
Therefore, the height of the top portion of the bonding 
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wire 9 can effectively be reduced. Further, a stable 
electrical wirirxg can be realized. 

(2) The large-diameter ball 10 at the side of the 
external wiring substrate 2 and the first gold wire 5 for 
5 forming the bonding wire 9 are unrelated to the shape of 

the small-diameter ball 8 at the side of the optical device 
1 in the present embodiment, so that the diameter of the 
first gold wire 5 can fully and sufficiently be made great. 
Therefore, the bonding wire 9 can be adapted to the 

10 .. electrical characteristic of the optical device 1 or the 
optical device package, and further, the bending shape of 
the bonding wire 9 can be stabilized. Moreover, the 
bonding strength between the large-diameter ball 10 and the 
external wiring substrate 2 can be erihanced (stabilized) . 

15 (3) In general, a capillary comes in direct contact 

with an object to be bonded at the bonding section in the 
stitch bonding, thereby entailing a problem of causing a 
great damage to the object. to be bonded. However, the 
relatively large first capillary 3 performs the stitch 

20 bonding to the small-diameter ball 8 formed on the optical 
device 1 in the wire bonding technique of the present 
embodiment, not contacting to the optical device 1 that is 
the object to be bonded. Therefore, it does. not give 
damage to the optical device 1 . 

25 (4) In the wire bonding technique of the present 
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embodiment, the second gold wire 15 for forming the small- 
diameter ball 8 on the optical device 1 is thinner 
(smaller) than the first gold wire 5 having a normal size 
(diameter) for forming the bonding wire 9, whereby a narrow 
5 space is enough on the optical device 1 for forming the 
small-diameter ball . 8. Accordingly, the size of the 
electrode 7 on the optical device 1 can be reduced, thereby 
being capable of reducing the size of the optical device 1. 
(5) Further, both of the electrode 7 on the optical 

10 device 1 and the wiring pattern 6 on the external wiring 
substrate 2 are bonded to the bonding wire 9 by ball 
bonding in the wire bonding technique of the present 
embodiment. Therefore, the bonding strength between these 
and the bonding wire 9 is increased,, thereby obtaining a 

15 stabilized quality of the optical device package. 

The present embodiment describes the wire bonding 
technique according to the present invention as to the case 
where the optical device 1 is electrically connected to the 
external wiring substrate 2. However, the wire bonding 

20 method of the present invention can be used for the case 

where the other devices requiring an electrical connection, 
such as a semiconductor device other than the optical 
device, is electrically connected to the external wiring 
substrate - 

25 In that case, the top portion of the bonding wire 9 



can be lowered. Therefore, various elements can be 
arranged close to the upper surface of the device, thereby 
basically obtaining the same operations and effects as the 
above-mentioned optical device 1 . In case where the above- 
mentioned wire bonding is performed to a semiconductor 
device other than the optical device, and then the 
semiconductor device is molded with resin to form a mold 
package, the thickness of the resin mold on the upper 
surface of the semiconductor device can be thinned, thereby 
a small-sized and thin-sized mold package can be obtained. 

Although the present invention has been fully described 
in connection with the preferred embodiments thereof with 
reference to the accompanying drawings , it is to be noted 
that various changes and modifications are apparent to those 
skilled in the art. Such changes and modifications are to 
be understood as included within the scope of the present 
invention as defined by the. appended claims unless they 
depart therefrom. 



